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(54) COLUSION PREVENTING DEVICE FOR VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To prevent the risk of a 
collision by providing means for comparing the distance 
between cars with the safety distance between cars and 
judging the possibility of collision of own car. 
SOLUTION: In the collision preventing processing by a 
microprocessor 30c ? the safety distance between own 
car and the preceding car is calculated, and when the 
distance between the own car and the preceding car 
becomes less than the safety distance between cars, 
warning is output to a warning device 4. Further, in the 
case where the next ahead car to the preceding car 
exists in front of the receding car, in consideration of 
the distance between the own car and the next ahead 
car and the relative speed, the safety distance between 
the own car and the preceding car is calculated, and 
when the distance between the own car and the 
preceding car becomes less than the safety distance 
between the cars, a warning is output to the warning 
device 4 to give a warning to a driver. By promoting the 

operation of a brake, the safety to a sudden behavior change of the preceding car due to the 
existence of the next ahead car can be ensured. 



□ 

^3 3b 



^3 3c 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim 1]A collision avoidance system of vehicles characterized by comprising the following. 
A means to compute the distance between two cars of a preceded vehicle and self-vehicles 
which exist in a direction of movement of self-vehicles. 

A means to compute the safe distance between two cars of self-vehicles and the above- 
mentioned preceded vehicle in consideration of a front situation of the above-mentioned 
preceded vehicle and the above-mentioned preceded vehicle. 

A means to compare the above-mentioned distance between two cars with the above- 
mentioned safe distance between two cars, and to judge the collision possibility of self-vehicles. 

[Claim 2]A collision avoidance system of the vehicles according to claim 1 computing the above- 
mentioned safe distance between two cars on the basis of distance of self-vehicles and an 
object which exists ahead of the above-mentioned preceded vehicle. 

[Claim 3]A collision avoidance system of the vehicles according to claim 1 computing the above- 
mentioned safe distance between two cars supposing free running time by delay in dangerous 
recognition over a front situation of the above-mentioned preceded vehicle. 

[Claim 4]A collision avoidance system of the vehicles according to claim 1 computing the above- 
mentioned safe distance between two cars according to an acceleration state of the above- 
mentioned preceded vehicle. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the collision avoidance system of the vehicles 
which detect the obstacle which exists in the advance on the street of self-vehicles, and 
perform a collision judgment. 
[0002] 

[Description of the Prior Art]These days, carry a TV camera, a laser radar, etc. in a car. and 
front vehicles and obstacle are detected. . Judge the danger which collides with them, emit an 
alarm to a driver, or operate a brake to him automatically, and stop him. Or development of the 
art concerning ASV (Advanced Safety Vehicle; advanced safety vehicle) of fluctuating a travel 
speed automatically so that the distance between two cars with a preceded vehicle may be kept 
safe is furthered positively. 

[0003]As an example of the collision avoidance system in such ASV, To vehicle technology 
Vol.43 and No.2-1989.P.65-P.73 "the rear-end collision prevention alarm equipment for heavy- 
duty trucks." Based on the distance between two cars of the self-vehicles and precedence 
vehicles which were detected with the vehicle speed and the laser radar device of self-vehicles. 
The safe distance between two cars which computes preceded vehicle speed, the relative 
velocity of self-vehicles and precedence vehicles, etc., and is computed based on self-vehicles 
speed with this relative velocity is switched, and the art which emits an alarm is indicated noting 
that there is danger of a rear-end collision, when the above-mentioned distance between two 
cars sinks below the above-mentioned safe distance between two cars. 
[0004] 

[Problem(s) to be Solved by the Invention] However, conventionally, only in consideration of the 
preceded vehicle and obstacle of a self-vehicle front, danger is judged like the above-mentioned 
advanced technology, and the situation further ahead of a preceded vehicle is not taken into 
consideration. 

[0005]For this reason, when the case where an extreme quick stop — a preceded vehicle 
collides with a stop object — is performed in consideration of absolute safety is assumed, it is 
necessary to emit an alarm by the always very big distance between two cars, and there are 
problems, such as becoming the hindrance of smooth traffic from requiring the very big distance 
between two cars of a driver. 

[0006]When a preceded vehicle always generates an alarm on the assumption that an action with 
validity is taken, to the belief etc. which gazed only at the action of a driver's preceded vehicle, 
there is a problem that improvement in the safety beyond it cannot be aimed at. 
[0007]This invention by having been made in light of the above-mentioned circumstances, and 
judging the synthetic situation where two or more obstacles, such as a preceded vehicle and a 
point preceded vehicle ahead of a preceded vehicle, were taken into consideration. The danger of 
the collision was made to avoid beforehand, and also a driver's sense of incongruity is eliminated, 
and it aims at providing the collision avoidance system of the vehicles which can perform 
vehicles operation used as the hindrance of the flow of traffic further. 
[0008] 
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[Means for Solving the Problem]A means by which the invention according to claim 1 computes 
the distance between two cars of a preceded vehicle and self-vehicles which exist in a direction 
of movement of self-vehicles. A means to compute the safe distance between two cars of self- 
vehicles and the above-mentioned preceded vehicle in consideration of a front situation of the 
above-mentioned preceded vehicle and the above-mentioned preceded vehicle was compared 
with the above-mentioned distance between two cars and the above-mentioned safe distance 
between two cars, and it had a means to judge the collision possibility of self-vehicles. 
[0009]The invention according to claim 2 computes the above-mentioned safe distance between 
two cars in the invention according to claim 1 on the basis of distance of self-vehicles and an 
object which exists ahead of the above-mentioned preceded vehicle. 

[0010]The invention according to claim 3 computes the above-mentioned safe distance between 
two cars in the invention according to claim 1 supposing free running time by delay in dangerous 
recognition over a front situation of the above-mentioned preceded vehicle. 
[0011]The invention according to claim 4 computes the above-mentioned safe distance between 
two cars in the invention according to claim 1 according to an acceleration state of the above- 
mentioned preceded vehicle. 

[0012]That is the collision possibility of self-vehicles is judged as compared with the sate 
distance between two cars of self-vehicles and a preceded vehicle which computed the distance 
between two cars of a preceded vehicle and self-vehicles which exist in a direction of movement 
of self-vehicles, and computed this distance between two cars in consideration of a front 
situation of a preceded vehicle and a preceded vehicle. 

[0013]In that case, the safe distance between two cars may be computed on the basis of 
distance of self-vehicles and an object which exists ahead of a preceded vehicle, and it may 
compute supposing free running time by delay in dangerous recognition over a front situation of 
a preceded vehicle. The safe distance between two cars may be computed according to an 
acceleration state of a preceded vehicle. 

[0014] . ... , , ... 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described with 
reference to drawings. Drawing 1 - drawing 4 are explanatory views in which the outline t.neblock 
diagram of a collision avoidance system and drawing_2_show the circuit block figure of a collision 
avoidance system, drawing 3 shows the flow chart of collision-prevention processing, and 
drawing 4 shows the relation between a point preceded vehicle, a preceded vehicle, and a self- 
vehicle as for drawing J with respect to the 1st gestalt of operation of this invention. 
[0015]The obstacle which the numerals 1 are vehicles, such as a car. and exists in these 
vehicles 1 in drawing 1 in a direction of movement. When precedence vehicles, the future line 
vehicles which exist ahead of these precedence vehicles, etc. are recognized, the danger of a 
collision is judged and there is danger of a collision, the collision avoidance system 2 which emits 
the alarm of collision avoidance and ensures safety is carried. 

[001 6]The stereo optical system 10 for picturizing the subject outside a car from a different 
position in the above-mentioned collision avoidance system 2 and one pair of pictures pictunzed 
by this stereo optical system 10 are processed. Process the image processor (based on what is 
called a stereo method) 20 which computes the three-dimensional distance distribution over the 
whole picture by the principle of triangulation from the azimuth difference to the same object, 
and the distance distribution data from this image processor 20. and road geometry and two or 
more solid things are recognized. It has image processing and the computer 30 for collision- 
prevention processing which outputs a conflict alert when the safety to two or more obstacles, 
such as a preceded vehicle and a point preceded vehicle ahead of a preceded vehicle, is judged 
synthetically and there is danger of a collision. While the sensor for detecting the run state of 
the present vehicles of speed sensor 3 grade is connected to described image processing and 
the computer 30 for collision-prevention processing, the alarm equipment 4 which consists of a 
buzzer or a display is connected. 

[0017]As shown in drawing 2 . the above-mentioned stereo optical system 10. For example, it is 
constituted by CCD cameras 10a and 10b of 1 set of right and left using solid state image pickup 
devices, such as a charge coupled device <CCD). and these cameras 10a and 10b. As shown in 
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drawing 1 it is installed ahead on the roof of the vehicles 1. and an imaging visual field is 
el^nded'to further the front of not only the self-vehicle front but a preceded vehicle, so that 
front recognition of a preceded vehicle may become easy. 

[0018]The above-mentioned image processor 20 searches for the portion to which the same 
object is reflected for every infinitesimal area to the stereo image pair of two sheets pictunzed 
by the above-mentioned stereo optical system 10, It comprises the distance detection circuit 
20a which computes the distance to an object in quest of the amount of gaps of a corresponding 
position and the depth map memory 20b which memorizes the distance distribution data (depth 
map) which carried out a gestalt like the picture which is an output of this distance detection 

circuit 20a. T , 
[0019]Described image processing and the computer 30 for collision-prevention processing, The 
microprocessor 30a which performs processing which mainly detects road geometry. The 
microprocessor 30b which performs processing which mainly detects each solid thing, and the 
microprocessor 30c which judges near collision nature mainly from the distance between two 
cars of a self-vehicle and a preceded vehicle serve as a system configuration of the 
multimicroprocessor connected in parallel via the system bath 31. 

[0020]In the above-mentioned system bath 31. The I/O interface circuit 35 where the interface 
circuit 32 connected to the above-mentioned depth map memory 20b. ROM33 which store a 
control program, RAM34 which memorize the various parameters in the middle of computation, 
the above-mentioned speed sensor 3. and the above-mentioned alarm equipment 4 are 
connected, The memory 36 grade for an output which memorizes the parameter of a processing 
result is connected. 

[0021]In the road detection processing by the above-mentioned microprocessor 30a. I he 
parameter of the road model which dissociated, and extracted and built in only the white line on 
a actual road using the three-dimensional position information by the depth map memorized by 
the depth map memory 20b is corrected and changed so that it may agree with actual road 
geometry, and road geometry is recognized. 

[0022]In the object detection processing by the above-mentioned microprocessor JOb. Olassity a 
depth map into the shape of a lattice at the predetermined intervals, and only the data of the 
solid thing which may become an obstacle of a run is sorted out for every field. The detection 
distance is computed, when the difference in the detection distance to an object is below a 
preset value in an adjoining field, it is regarded as the same object, and on the other hand, in 
beyond a preset value, it is regarded as a separate object, and the contour image of the 
detected object is extracted. 

[0023]About generation of the depth map by the above image processor 20, and the processing 
which detects road geometry and an object from the depth map by the above-mentioned 
microprocessors 30a and 30b. It is explained in full detail by JP.5-265547.A. JP.6-1 77236A etc. 
which were previously submitted by these people. 

[0024]In the collision-prevention processing by the above-mentioned microprocessor 30c. When 
the safe distance between two cars of a self-vehicle and a preceded vehicle is computed and 
the distance between two cars of a self-vehicle and a preceded vehicle turns into below the safe 
distance between two cars. When a point preceded vehicle exists in the alarm equipment 4 
ahead of a preceded vehicle in addition to the usual processing which outputs an alarm. When 
the safe distance between two cars of a self-vehicle and a preceded vehicle is computed in 
consideration of the distance between two cars and relative velocity of a self-vehicle and a point 
preceded vehicle and the distance between two cars of a self-vehicle and a preceded vehicle 
turns into below the safe distance between two cars, An alarm is outputted to the alarm 
equipment 4 and the safety to the rapid behavior variation of the preceded vehicle by existence 
of a point preceded vehicle is secured by urging operation of a brake in which emit warning and it 
is not illustrated to a driver. It is also possible to make it the automatic brake device etc. which 
are not illustrated interlocked with, and to output an active signal. 

[0025]Hereafter, the collision-prevention processing concerning this invention is explained 
according to the flow chart of drawing 3 among processings by described image processing and 
the computer 30 for collision-prevention processing. In the following explanation, as for a point 
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preceded vehicle, although the relation of a selM/ehicle, the preceded vehicle which runs the 
self-vehicle front, and the point preceded vehicle of this preceded vehicle which runs the front 
further is explained, it is good like the pedestrian under parking vehicles and crossing not to be 
necessarily a traveling vehicle. 

[0026]In this program, the data of two or more solid things extracted from the depth map first 
produced by picturizing the running direction of a sel^vehicle at Step S101 is read, and it is 
investigated whether a preceded vehicle is on the slow lane at Step S102. As a result, when 
there is no preceded vehicle on running lines, it returns to the above-mentioned step S101, and 
when a preceded vehicle is on the slow lane, the distance between two cars L1 of a preceded 
vehicle and a seH^vehicle (n) is computed by progressing to Step S103. The storage update of 
the value memorized until now is carried out as the last distance between two cars L1 (n-1). The 
subscript (n) of each parameter ** expresses hereafter the value calculated this time, and a 
subscript (n-1) expresses the value calculated last time. 

[0027]Next, progress to Step S104, compute the self-vehicle speed. VO based on the signal from 
the speed sensor 3, and at Step S105. Based on the temporal change and the present self- 
vehicle speed VO (n) of this distance between two cars L1 (n) and the last distance between two 
cars L1 (n-1), the preceded vehicle speed V1 (n) is computed by the following (1) formulas. 
[0028] 

V1(n) =(L1(nMJ (n-1))/deltat+V0 (n) — (1), however deltat: Measurement and after that 
[ operation cycle ], progress to Step. S106 and investigate whether a point preceded vehicle 
exists ahead of a preceded vehicle from the data of two or more solid things extracted from the 
depth map. As a result, when a point preceded vehicle does not exist, it progresses to Step S107 
from the above-mentioned step S106, and safe distance-between-two-cars LK1 of a preceded 
vehicle and a selfr-vehicle is computed. 

[0029]As for this safe distance-between-two-cars LK1, a preceded vehicle is deceleration 
(deceleration; however) from the speed V1 (n). The brake stopping distance "V1(n) 2 /<2- 
alphakl 1)" at the time of assuming that braking was added by alphakl 1 which shows an absolute 
value hereafter unless it mentions specially, a brake stopping distance when a seH^vehicle 
brakes with the decelerated velocity alphakO from the speed VO — " (based on V0(n) 2 /<2- 
alphakO)", computed by the following (2) formulas.) 
[0030] 

LK1 =-V1 (n) 2 /(2-alphak1 1 )+ (V0 (n) 2 /(2-alphak0)) 

+ V0(n) and T1 +L0 — (2), however free running time L0 of a T1 :self-vehicle : distance margin 
(interval after a stop) 

The value of the deceleration alphakO which sets up beforehand the value of the deceleration 
alphakl 1 which defines the brake stopping distance of the preceded vehicle in the above- 
mentioned (2) formula here supposing the state where the preceded vehicle hung the slam on 
the brake, for example, and defines the brake stopping distance of a self-vehicle is set up in 
consideration of the stop ability of a self-vehicle, etc. The value of the distance margin L0 which 
serves as a margin of the distance between two cars to the free running time T1 in 
consideration of the reaction time of the driver, For example, it is so desirable to take the large 
distance margin L0 that the deceleration of a preceded vehicle is large when it may set up 
according to the acceleration of a preceded vehicle and the acceleration of a preceded vehicle is 
in a deceleration state by negative. 

[0031]And if safe distance-between-two-cars LK1 is computed at the above-mentioned step 
S107, it progresses to Step S108 and this safe distance-between-two-cars LK1 is compared 
with the present distance between two cars L1 (n). As a result, when the present distance 
between two cars L1 (n) returns from the above-mentioned step S108 to the above-mentioned 
step S101 when larger than safe distance-between-two-cars LK1, and the present distance 
between two cars L1 (n) is one or less safe distance-between-two-cars LK, It is judged as those 
of a collision with danger, it progresses to Step S1 13 from the above-mentioned step S108, and 
an alarm signal is outputted to the alarm equipment 4 in order to urge operation of a brake in 
which emit warning and it is not illustrated to a driver, and it escapes from a routine. 
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[0032]On the other hand, at the above-mentioned step S106. when a point preceded vehicle 
exists, When it branches from the above-mentioned step S106 to Step S109 and the distance 
between two cars L2 of a self-vehicle and a point preceded vehicle (n) is computed, at Step 
S1 10. Based on the temporal change and the present seH^vehicle speed V0 (n) of this distance 
between two cars L2 (n) and the last distance between two cars L2 (n-1). the future line vehicle 
speed V2 (n) is computed by the following (3) formulas. 
[0033] 

V2(n) =(L2(n)-L2 (n-1))/deltat+V0 (n) — (3) After that, progress to Step S1 1 1 and compute safe 
distance-between-two-cars LK2 of the self-vehicle and preceded vehicle in consideration of 
existence of a point preceded vehicle. In namely, the situation where the preceded vehicle 50 
exists ahead of the self-vehicle 1, and the point preceded vehicle 100 exists ahead of this 
preceded vehicle 50 further as shown in drawing 4 . . The driver of the preceded vehicle 50 near- 
misses with the point preceded vehicle 100, without taking enough the distance between two 
cars with the point preceded vehicle 100, and slams the brake. Or are just before a collision and 
a case as the collision was avoided by handle operation is assumed, As opposed to safe 
distance-between-two-cars LK1 of the self-vehicle and preceded vehicle by the above- 
mentioned (2) types, The brake stopping distance "V1(n) 2 /(2-alphak1 1)" by the deceleration 
alphakl 1 from the speed V1 of the preceded vehicle 50 (n), It transposes to the brake stopping 
distance "V2(n) 2 /(2-alphak2)" by the deceleration alphak2 from the speed V2 of the point 
preceded vehicle 100 (n), and safe distance-between-two-cars LK2 of the self-vehicle 1 in case 
the point preceded vehicle 100 exists, and the preceded vehicle 50 is computed by the following 
(4) formulas. 
[0034] 

LK2=-V2 (n) 2 /(2-alphak2)+ (V0 (n) 2 /(2-alphak0)) 

+ V0(n) -T1+L0+C1 — (4), however the outside length of car body of a C1 preceded vehicle — 
the paragraph of the brake stopping distance "V2(n) 2 /(2-alphak2)" in the above-mentioned (4) 
formula in this case, The object detected ahead of the preceded vehicje is set to 0 at the times, 
such as not a traveling vehicle but parking vehicles, and a pedestrian, " (according to the 
present self-vehicle speed V0 (n), the deceleration alphak2 of a sell^vehicle is set up so that the 
paragraph of V0(n) 2 /(2-alphak0)+V0(n) and T1+L0+C1" may become below in the distance L2 
from a self^vehicle to the object ahead of a preceded vehicle (n).) 

[0035]Subsequently, safe distance-between-two-cars LK2 in case it progresses to Step S1 12 
from the above-mentioned step S1 1 1 and a point preceded vehicle exists is compared with the 
present distance between two cars L1 (n), The present distance between two cars LI (n) when 
larger than safe distance-between-two-cars LK2, Comparison with safe distance-between-two- 
cars LK1 in case it jumps to the above-mentioned step S107 and a point preceded vehicle does 
not exist, and the present distance between two cars L1 (n) is performed, When the present 
distance between two cars L1 (n) is two or less safe distance-between-two-cars LK in case a 
point preceded vehicle exists, an alarm signal is outputted to the alarm equipment 4 at the 
above-mentioned step S1 13, and it escapes from a routine. 

[0036]Thus, according to this gestalt, in consideration of the unusual quick stop of a preceded 
vehicle, do not set up the excessive safe distance between two cars, but **, . A point preceded 
vehicle exists ahead of a preceded vehicle, and the driver of a preceded vehicle near-misses 
with a point preceded vehicle, without taking enough the distance between two cars with a point 
preceded vehicle, and slams the brake. Or when the situation where it is just before a collision 
and a collision is avoided by handle operation is expected, it can be beforehand made to take the 
safe distance between two cars, and an unexpected accident can be avoided beforehand. 
[0037] Drawin g 5 is a flow chart of the collision-prevention processing concerning the 2nd gestalt 
of operation of this invention. In the situation which cannot perform exact ranging even if it can 
recognize existence of a point preceded vehicle, this gestalt computes the safe distance 
between two cars in consideration of the free running time by the delay in dangerous recognition 
until it performs the slowdown for near-miss evasion of as opposed to a point preceded vehicle 
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toots]^^^ etc.. ] the Paging range of CCD 

cam rasToa and 10b is limited, a preceded vehicle that a front point preceded veh.cle can be 
recognized 1 further of a preceded vehicle. When running a curve on eKher s.de ut .s a t.me of a 
se^veWcle , a /preceded vehicle, and a point preceded vehicle ******0ng) nght and left and 

to measure an exact distance with a point preceded 
vehicle even T* can recognize existence of a point preceded vehicle depend.ng on a traveling 
condition and to cope with such a situation. It is considered as another value m consideration of 
existence of a point preceded vehicle, without using the distance between two cars L2 with a 
po S preceded vehide for the safe distance between two cars when a po.nt preceded vehicle „s 
Selected to the safe distance between two cars in case a point preceded veh.cle .s not detected 
(the future line vehicle speed V2 is not used inevitably, either). 

0040]For this reason, in collision-prevention processing of this gestalt shown ,n *f*^' 
Processing of the step S109 when a point preceded vehicle is detected. S110 Sill, and S112 is 
changed into processing of Step S201 .202 to collision-prevention processing (refer to d_raw.ng_3) 

»^MS£ Steps S101-S106. it branches 

from Step S 106 to Step S201. and safe distance-between-two-cars LK3 ,n consideration of 
trtence P of . . point preceded vehicle is computed by the following (5) formulas using the self- 
vehicle speed V0 (n) and the preceded vehicle speed VI (n). 
[0042] 

LK3=-V1 (n) 2 /(2-alphak12H(VO(n) z /(2-alphakO)) 

+ V0 (n) -(T1+T2) +L0 — T2 in the (5) above-mentioned (5) type. The driver who drives a 
nreceded vehicle does not fully take the distance between two cars with a po.nt Preceded 
vehicle It U the free running time of the preceded vehicle by the error of judgment, the delay .n 
dangerous recognition, etc. if the distance between two cars with a po.nt preceded veh.cle .s st.ll 
safe Brake-stopping-distance V1(n) Vwhen a preceded vehicle adds braking wrth the 
decele^rated ve °ocityalphak1 2 from the speed V1 (n) (2-alphak1 2). A brake stopping 5 distance 
w^en a self-vehicle brakes with the decelerated velocity alphakO from the speed V0 (the free 
Tunning distance "V0(n) - (T1+T2)" of the self-vehicle by the free running time T2 of a preceded 
vehicle and the free running time T1 of a self-vehicle is considered to V0(n) 2 /(2-alphak0).) 
[0043]In this case, although deceleration alphak12 of a preceded veh.cle can be made 
comparable as the deceleration a.phakl 1 of the preceded vehicle in cak:u»at.on of safe d.stance- 
between-two-cars LK1 in case a point preceded vehicle does not ex.st. rt may cons.der safety 

WrtXrZT^ safe distance-between-two-cars LK3 at the above-mentioned step 
S201 Progress to Step S202. compare safe distance-between-two-cars LK3 wrth the present 
d^nce between two cars L1 (n). and the present distance between two cars U (n) when larger 
than safe distance-between-two-cars LK3. It returns to Step S101. and when the present 
distnce between two cars LI (n) is three or less safe distance-between-two-cars LK. an alarm 
signal is outputted to the alarm equipment 4 at Step S1 13. and .t escapes from a routine. 
[0045]Even when the driver who drives a preceded vehicle does not fully take the distance 
between two cars with a point preceded vehicle but slams the brake in th.s gestalt. In 
consideration of the delay in dangerous recognition of the driver of a preceded veh.cle. it can 
fully be made to take the distance between two cars, and an unexpected accident can be 
beforehand avoided like the 1st above-mentioned gestalt Mrfa u. 
[0046]Drawing 6 is a flow chart of the collision-prevention process.ng concern.ng the 3rd gestalt 
of opera^ofThis invention. This gestalt sets up the safe distance between two cars accordmg 
to the acceleration state of a preceded vehicle in consideration of the recogn.t.on delay and 
judgment delay by belief of a driver of the self-vehicle to a preceded veh.cle. 
[0047]lf the present preceded vehicle speed V1 (n) is computed in coH.s.on-prevent.on 
Processing of this gestalt shown in drawing 6 t hrough Steps S101-S105 of coll.s.on-prevent.on 
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processing (refer to drawing 3) of the 1 st gestalt. and the same steps S301 -S305, The 
acceleration alpha 1 of a preceded vehicle (n) is computed by the following (6) formulas by Step 

5306 from the present preceded vehicle speed VI (n) and the last preceded vehicle speed V1 
(n-1). 

t?pha"i ( n ) =(V1(n-1)-V1 (n))/deltat It (6) —Ranks second, and progresses to Step S307, and it 
is investigated whether the present preceded vehicle acceleration alpha 1 (n) is below preset 
value alphaS. By action change after a preceded vehicle accelerates, this preset value alphaS 
copes with that danger is expected, and at the time of alphaKn) <=alphaS. Safe distance- 
between-two-cars LK1 in case the point preceded vehicle which he followed to Step S308 from 
the above-mentioned step S307. and was explained with the 1st gestalt is not detected is 
computed according to (2) types. 

[0049]And from the above-mentioned step S308. progress to Step S309 and like the 1st gestalt. 
When safe distance-between-two-cars LK1 is compared with the present distance between two 
cars L1 (n), the present distance between two cars LI (n) returns to Step S301 when larger than 
safe distance-between-two-cars LK1. and the present distance between two cars L1 (n) is one 
or less safe distance-between-two-cars LK. An alarm signal is outputted to the alarm equipment 
4 at Step S312. and it escapes from a routine. 

[0050]Safe distance-between-two-cars LK4 which branched from the above-mentioned step 

5307 to Step S310, and. on the other hand, assumed the sudden deceleration after acceleration 
of a preceded vehicle at the above-mentioned step S307 at the time of alphaKn) >alphaS is 
computed by the following (7) formulas. 

[0051] 

LK4=-V1 (n) 2 /(2-alphak1 3)+ (V0 (n) 2 /(2-alphak0)) 

+ V0 (n) -(T1+deltaT) +L0 — deltaT in the (7) above-mentioned (6) type. If it is the increment of 
the free running time in consideration of a belief of the driver of a self-vehicle and a preceded 
vehicle accelerates. The delay in the dangerous recognition by the belief that it is the safety of a 
case so that it may accelerate being hung by this and not checking the situation ahead of a 
preceded vehicle. Or the delay of the brakes operation of a case so that a preceded vehicle may 
plan to go straight on at first may accelerate, may turn to the right suddenly and may slam the 
brake to an oncoming car is assumed. Brake-stopping-distance VI (n) Vwhen a preceded vehicle 
adds braking with the decelerated velocity alphak13 from the speed V1 (n) (2-alphak1 3). A brake 
stopping distance when a self-vehicle brakes with the decelerated velocity alphakO from the 
speed V0 (V0 (n) based on the free running distance "V0(n) - (T1 +deltaT)" of the self-car which 
added increment deltaT in consideration of the delay by belief, the safe distance between two 
cars is computed to 2 /(2-alphak0) and the free running time T1 .) 

[0052]The above-mentioned increment deltaT may be changed according to values, such as the 
preceded vehicle speed V1 (n), the self-vehicle speed V0 (n), and the preceded vehicle 
acceleration alpha 1 (n). and may be replaced with the above-mentioned increment deltaT. and 
may enlarge deceleration alphakl 3 of a preceded vehicle. 

[0053]And after computing safe distance-between-two-cars LK4 at the above-mentioned step 
S310, Progress to Step S311, compare safe distance-between-two-cars LK4 with the present 
distance between two cars L1 (n), and the present distance between two cars L1 <n) when larger 
than safe distance-between-two-cars LK4. It returns to Step S301 . and when the present 
distance between two cars L1 (n) is four or less safe distance-between-two-cars LK, an alarm 
signal is outputted to the alarm equipment 4 at Step S312. and it escapes from a routine. 
[0054]This gestalt can make it take the positive distance between two cars beforehand before 
the slam on the brake of a preceded vehicle, is especially short, and effective at the time of the 
start in which the accident by belief happens easily, and a low speed. [ of the distance between 
two cars with a preceded vehicle ] 

[0055]Although the example which processes the picture picturized by two sets of stereo 
cameras in each above gestalt. and recognizes a preceded vehicle, a point preceded vehicle, etc. 
was explained. It replaces with two sets of stereo cameras, and may be made to recognize a 
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preceded vehicle, a point preceded vehicle, etc. with the combination of a scan type laser radar, 

or this scan type laser radar and the camera of an ocellus. 

[0056] 

[Effect of the Invention]As explained above, according to this invention, the distance between 
two cars of the preceded vehicle and self^vehicles which exist in the direction of movement of 
self^vehicles is computed. In order to judge the collision possibility of self-vehicles as compared 
with the safe distance between two cars of the self-vehicles and preceded vehicle which 
computed this distance between two cars in consideration of the front situation of a preceded 
vehicle and a preceded vehicle. Safety is secured synthetically in consideration of two or more 
obstacles, such as a preceded vehicle and a point preceded vehicle ahead of a preceded vehicle, 
the danger of the collision was made to avoid beforehand, and also a drivers sense of 
incongruity is eliminated, and the outstanding effect — vehicles operation which does not serve 
as hindrance of the flow of traffic further can be performed — is acquired. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is involved in the 1 st gestalt of operation of this invention, and is an outline 
lineblock diagram of a collision avoidance system. 

[Drawing 2] The same as the above, the circuit block figure of a collision avoidance system 
[ Drawing 3] The flow chart of the same as the above and collision-prevention processing 
[Drawin g 4]The explanatory view showing the relation between the same as the above, a point 
preceded vehicle, a preceded vehicle, and a self-vehicle 

[Drawing 5]The flow chart of the collision-prevention processing concerning the 2nd gestalt of 
operation of this invention 

[Drawing 6]The flow chart of the collision-prevention processing concerning the 3rd gestalt of 
operation of this invention 
[Description of Notations] 

1 — Vehicles 

2 — Collision avoidance system 

3 — Speed sensor 

4 — Alarm equipment 

10 — Stereo optical system 
20 — Image processor 

30 — Image processing and computer for collision-prevention processing 
L1 — Distance between two cars 

12 — The distance between two cars of a self-vehicle and a point preceded vehicle 
LK1, LK2, LK3, LK4 — Safe distance between two cars 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CORRECTION OR AMENDMENT 

[Kind of official gazette]Printing of amendment by the regulation of 2 of Article 1 7 of Patent Law 

[Section classification] The 5th classification of the part II gate 
[Publication date]October 21, Heisei 16 (2004.10.21) 

[Publication No.]JP,10-181487,A 

[Date of Publication] July 7, Heisei 10 (1998.7.7) 

[Application number] Japanese Patent Application No. 8-350441 

[The 7th edition of International Patent Classification] 

B60R 21/00 
£R] 

B60R 21/00 620 Z 
[Written amendment] 

[Filing date]October 24 f Heisei 15 (2003.10.24) 
[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]Claim 
[Method of Amendment]Change 
[The contents of amendment] 
tClaim(s)] 
[Claim 1] 

A means to compute the distance between two cars of a preceded vehicle and self-vehicles 
which exist in a direction of movement of self-vehicles, 

A means to compute the safe distance between two cars of self-vehicles and the above- 
mentioned preceded vehicle in consideration of a front situation of the above-mentioned 
preceded vehicle and the above-mentioned preceded vehicle, 

A collision avoidance system of vehicles provided with a means to compare the above- 
mentioned distance between two cars with the above-mentioned safe distance between two 
cars, and to judge the collision possibility of self-vehicles. 
[Claim 2] 

A collision avoidance system of the vehicles according to claim 1 computing the above- 
mentioned safe distance between two cars based on distance of self-vehicles and an object 
which exists ahead of the above-mentioned preceded vehicle. 
[Claim 3] 

A collision avoidance system of the vehicles according to claim 1 computing the above- 
mentioned safe distance between two cars supposing free running time by delay in dangerous 
recognition over a front situation of the above-mentioned preceded vehicle. 
[Claim 4] 

A collision avoidance system of the vehicles according to claim 1 computing the above- 
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mentioned safe distance between two cars according to an acceleration state of the above- 
mentioned preceded vehicle. 
[Claim 5] 

The above-mentioned safe distance between two cars consists of the 2nd safe distance 
between two cars computed based on the 1st safe distance between two cars co mputed based 
on the distance between two cars of self-vehicles and the above-mentioned p receded vehicle, 
and distance of self-vehicles and an object which exists ahead of the above-mentioned 
preceded vehicle , 

A collision avoidance system of the vehicles according to claim 1 a means to judge the above- 
mentioned collision possibility comparing the distance between two cars of at le ast one side of 
the safe distance between two cars of the above 1 st, and the safe distance between two cars of 
the above 2nd, and the above-mentioned preceded vehicle, and judging the collision possibility of 
self-vehicles. 
[The amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0009 
. [Method of Amendment]Change 
[The contents of amendment] 
10009] 

The invention according to claim 2 computes the above-mentioned safe distance between two 
cars in the invention according to claim 1 based on the distance of self^vehicles and the object 
which exists ahead of the above-mentioned preceded vehicle. 
[Amendment 3] 

[Document to be Amended]Specification 
[Item(s) to be Amended]001 1 
[Method of Amendment]Change 
[The contents of amendment] 
£0011] 

The invention according to claim 4 computes the above-mentioned safe distance between two 
cars in the invention according to claim 1 according to the acceleration state of the above- 
mentioned preceded vehicle. 

In the invention according to claim 1. the invention according to claim 5 the above-mentioned 
safe distance between two cars. The 1 st safe distance between two cars com puted based on 
the distance between two cars of self^vehicles and the above-mentioned preceded vehicle, A 
means to consist of the 2nd safe distance between two cars computed based on the distance of 
self-vehicles and the object which exists ahead of the above-mentioned preceded vehicle, and 
to judge the above-mentioned collision possibility. The distance between two cars of at least one 
side of the safe distance between two cars of the above 1st and the safe distance between two 
cars of the above 2nd and the above-mentioned preceded vehicle is compared, and the collision 
possibility of self^vehicles is judged . 
[Amendment 4] 

{Document to be Amended]Specification 
[Item(s) to be Amended]0013 
[Method of Amendment]Change 
[The contents of amendment] 
10013] 

In that case, the safe distance between two cars may be computed based on the distance of 
self^vehicles and the object which exists ahead of a preceded vehicle, and it may compute 
supposing the free running time by the delay in the dangerous recognition over the front 
situation of a preceded vehicle. The safe distance between two cars may be computed according 
to the acceleration state of a preceded vehicle. The 1 st safe distance between two cars that 
computed the safe distance between two cars based on the distance between two cars of self- 
vehicles and a preceded vehicle.lt is considered as the safe distance between two cars which 
consists of the 2nd safe distance between two cars computed based on the distance of self- 
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vehicles and the object which exists ahead of a preceded vehicle, the distance betw een two car s 
of at least one side of the 1st safe distance between two cars and the 2nd safe distance 
between two cars and a preceded vehicle is compared and it mav be m ade to judge the collision 
possibility of self-vehicles. 



[Translation done.] 
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